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the value of the indicator indicates that the page message 1s
transmitted 1n the current paging cycle and, based thereon,
receiving and decoding the page message to determine
whether the UE 1s being paged.
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SCHEDULING OF PAGING NOTIFICATIONS
SUPPORTING BEAM SWEEPING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/376,379, filed on Dec. 12, 2016, which

claims the benefit of U.S. Provisional Application No.
62/395,171, filed on Sep. 15, 2016, which applications are

hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates generally to a system and
method for wireless communications, and, in particular
embodiments, to a system and method for the scheduling of
paging notifications supporting beam sweeping.

BACKGROUND

A user equipment (UE) may enter a low-power 1dle state
when no data communication with a network 1s occurring.
When the network wishes to communicate with an idle UE,
the network may send a page to the UE. Pages are typically
transmitted only on paging occasions that occur at periodic
intervals known to both the UE and the network. When a
paging occasion occurs, the UE wakes momentanly to
determine 11 the network has sent a page. If no page has been
sent, the UE may return to the 1dle state. IT a page has been
sent, the UE may listen for a page message corresponding to
the page and may follow 1nstructions contained in the page
message, such as instructions to nitiate procedures to con-
nect to the network.

SUMMARY

In accordance with an embodiment of the present inven-
tion, a method for paging notification comprises hashing an
identity of a UE to determine a paging frame in which a page
1s to be sent to the UE and to determine an index of an entry
in a bitmap, setting the entry at the index in the bitmap to a
value indicating whether a page message associated with a
paging group to which the UE belongs 1s transmitted 1n a
current paging cycle, and transmitting the bitmap in each of
a plurality of beamiformed beams, wherein the beams are
transmitted 1n a sweeping pattern such that at least one beam
1s transmitted 1 every portion of a coverage area of a
component transmitting the beams and such that each of the
beams 1s transmitted at least once during the paging frame.

In accordance with another embodiment of the present
invention, a method for paging monitoring comprises hash-
ing an 1dentity of a UE to determine a paging frame 1n which
a page 1s to be sent to the UE and to determine a position of
an 1indicator 1n a bitmap to be sent to the UE, wherein a value
ol the indicator indicates whether a page message associated
with a paging group to which the UE belongs 1s transmitted
in a current paging cycle, identifying a beamformed beam
within the paging frame in which the UE i1s capable of
receiving a downlink transmission, monitoring the beam
during the paging frame to receive the bitmap, and when the
value of the indicator indicates that the page message 1s
transmitted in the current paging cycle, receiving and decod-
ing the page message to determine whether the UE 1s being
paged.

In accordance with another embodiment of the present
invention, a transmit/recerve point comprises a processor
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2

and a non-transitory computer readable storage medium
storing programming for execution by the processor. The

programming includes instructions to hash an i1dentity of a
UE to determine a paging iframe 1n which a page 1s to be sent
to the UE and to determine an index of an entry 1n a bitmap,
set the entry at the index 1n the bitmap to a value indicating
whether a page message associated with a paging group to
which the UE belongs 1s transmitted in a current paging
cycle, and transmit the bitmap in each of a plurality of
beamformed beams, wherein the beams are transmitted in a
sweeping pattern such that at least one beam 1s transmitted
in every portion of a coverage area ol a component trans-
mitting the beams and such that each of the beams 1s
transmitted at least once during the paging frame.

In accordance with another embodiment of the present
invention, a UE comprises a processor and a non-transitory
computer readable storage medium storing programming for
execution by the processor. The programming includes
instructions to hash an identity of the UE to determine a
paging frame i which a page 1s to be sent to the UE and to
determine a position of an indicator 1n a bitmap to be sent to
the UE, wherein a value of the indicator indicates whether
a page message associated with a paging group to which the
UE belongs 1s transmitted 1n a current paging cycle, identify
a beamformed beam within the paging frame in which the
UE 1s capable of receiving a downlink transmission, monitor
the beam during the paging frame to receive the bitmap, and
when the value of the indicator indicates that the page
message 1s transmitted 1n the current paging cycle, receive
and decode the page message to determine whether the UE
1s being paged.

An advantage of one or more embodiments derives from
the fact that paging will be a major function in future
versions of Radio Resource Control (RRC) signaling. A
single set of RRC procedures to cover both low frequency
(omnidirectional) cases and high frequency and other beam-
formed cases may be specified, so the future paging proce-
dures may need to be adaptable to beamiforming even 1n
omnidirectional cases. The paging algorithm may need to be
specified because the UE and network need a common
awareness of when the UE will be monitoring paging. One
or more embodiments disclosed herein provide paging
behavior that may be implemented 1n such situations.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mnven-
tion, and the advantages thereof, reference 1s now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

FIG. 1 1s a timeline illustrating a paging procedure;

FIG. 2 1s a diagram illustrating sweeping of multiple
beamformed transmissions over time;

FIG. 3 1s a diagram 1llustrating paging during the sweep-
ing of multiple beamformed transmissions over time;

FIG. 4 1s a diagram 1llustrating paging during the sweep-
ing of multiple beamformed transmissions over time 1n a
scenario where a DRX cycle and a sweep time are relatively
prime;

FIG. 5 illustrates an embodiment use of a paging bitmap
in a beamiorming and beam sweeping scenario;

FIG. 6 1llustrates an embodiment timeline of UE reception
in a beamiorming and beam sweeping scenario;

FIG. 7 1llustrates an embodiment timeline of TRP trans-
missions 1in a beamiorming and beam sweeping scenario;

FIG. 8 illustrates an embodiment procedure combining

features of FIG. 6 and FIG. 7;
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FIG. 9 1s a flowchart of an embodiment method for paging
notification;

FIG. 10 1s a flowchart of an embodiment method for
paging monitoring;

FIG. 11 illustrates a block diagram of an embodiment
processing system for performing methods described herein;
and

FIG. 12 illustrates a block diagram of a transceiver
adapted to transmit and receive signaling over a telecom-
munications network.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The structure, manufacture and use of the presently pre-
terred embodiments are discussed in detail below. It should
be appreciated, however, that the present invention provides
many applicable inventive concepts that can be embodied in
a wide variety of specific contexts. The specific embodi-
ments discussed are merely illustrative of specific ways to
make and use the mvention, and do not limit the scope of the
invention.

In Long Term Evolution (LTE) systems, paging occasions
are multiplexed at both the paging frame level and the
paging subirame level, where a frame occupies 10 millisec-
onds (ms) and a subiframe occupies 1 ms. A UE uses 1ts
identifier (such as 1ts International Mobile Subscriber Iden-
tity (IMSI)) as an input into a hash function to determine
which paging frames, and which subirames within the
paging frames, to monitor for receiving paging notification.
The hash functions are modulus based and given by the
following equation,

SEFN mod 7=(7 div N)*(UE_ID mod N)

where SEFN 1s the system frame number; T 1s the DRX
(discontinuous reception) cycle of the UE; nB1s4 T, 2 T, T,
172, T/4,'1/8, T/16, T/32; N 1s min(1T,nB); Ns 1s max(1,nB/
T); and UE_ID 1s IMSI mod 1024.

An 1ndex 1_s pointing to a paging occasion may be
derived from following equation.

i_s=floor(UE_ID/N)mod Ns

The index 1_s determines the paging occasion subirame
index via a lookup table.

When a network wishes to send a page to a UE, the
network determines when to page by applying the same hash
tunction used by the UE. Therefore, the UE and the network
both know when a paging occasion will occur for that UE,
and the UE may listen for a page in the physical downlink
control channel (PDCCH) only 1n the assigned paging
occasion.

Different UEs may hash to the same paging occasion, so
talse alarms may occur. That 1s, a UE may receive a page
intended for another UE. The hash function distributes UEs
to different paging occasions to reduce the number of false
alarms, but 1t may not be possible to reduce the number to
zero. Thus, when a UE sees a page scheduled on the PDCCH
in a paging occasion assigned to itself, the UE may need to
check the corresponding page message on the physical
downlink shared channel (PDSCH) to determine 11 the page
1s actually assigned to itself. UEs that hash to the same
paging occasion may be referred to as a paging group.

One paging subirame contains one bit of paging infor-
mation on the PDCCH. The bit indicates whether one or
more UEs 1n the group assigned to the paging occasion are
or are not currently being paged. Additional information,
such as which individual UE 1s being paged and why, may
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4

be transmitted in the PDSCH. One paging frame contains Ns
bits (up to four bits, the value depending on the network
configuration) of information on the PDCCH.

FIG. 1 1s a imeline 100 illustrating a paging procedure. In
this example, a UE 110 has hashed its identifier (ID) and
determined that paging frame 140 1s 1ts paging frame and
subirame 4 1s 1ts paging subirame. When paging frames 120
and 130 occur, the UE no recognizes that neither of those
paging frames 1s 1ts paging iframe, and the UE no remains in
a DRX ofl-period throughout those paging frames. When
paging frame 140 occurs, the UE no recognizes that paging
frame 1s 1ts paging frame. The UE no remains in the DRX
ofl-period until the UE’s paging subiframe, subirame 4,
occurs. When subirame 4 occurs, the UE no wakes up,
receives a page, and acts on the page 11 required to do so. At
the next paging subiframe within paging frame 140, the UE
no returns to the DRX ofl-period. When paging frame 1350
occurs, the UE no again recognizes that paging frame 1s not
its paging frame, and the UE no remains in the DRX
ofl-period.

Some systems may use beam sweeping for broadcast
transmissions, including paging. That 1s, 1 a transmit/re-
ceive pomnt (ITRP) cannot achieve the needed range when
transmitting omnidirectionally, the TRP may rely on beam-
forming to direct transmissions in one or more speciiic
directions. However, a TRP typically cannot beamform 1n all
directions at once, so the TRP may sweep multiple beam-
formed transmissions through multiple directions over time.

FIG. 2 1llustrates such sweeping of multiple beamformed
transmissions over time. In this example, a pattern of 16
beams covers a full revolution of 2m. In other cases, the
number of beams and the width of the beams may be larger
or smaller. At a first time, a TRP 210 transmits a first beam,
B1, in a first direction. At a second time, the TRP 210
transmits a second beam, B2, in a second direction with a
defined offset from the first direction. Such transmissions
continue such that the TRP 210 sends beams throughout 1ts
coverage area. Thus, the TRP 210 eflectively transmits
omnidirectionally over time, but at any one instant, the TRP
210 transmits in only one of the 16 directions shown. In
general, the TRP 210 transmits a plurality of beamformed
beams 1n a sweeping pattern such that at least one beam 1s
transmitted 1n every portion of the coverage area of the TRP
210. The TRP 210 may be a base station, an evolved node
B (eNB), or a similar component.

In order to carry a page message, a beam may need to
“dwell” 1n one direction for at least the length of a paging
occasion. This length of time may be referred to as “dwell
time” D. So for a number N of beams transmitted individu-
ally, the time to sweep through an entire revolution 1s DN.
If the TRP can transmit k beams simultaneously, however,
the sweep time 1s DN/K. It may be assumed that D 1s an
integer multiple m of the length p of a paging occasion, such
that D=mp.

In LTE, p 1s 1 subframe, but with the flexible new radio
(NR) structure, p may have other lengths. Hereinaiter, p may
be referred to as the paging transmission time interval (TTT).
Thus, the beams sweep through the entire TRP coverage
area, spending m paging TTIs 1 each beam direction. In
mN/k paging T'TIs, the beams cover every direction.

Problems may arise when the existing paging structure 1s
used 1 a beam sweeping environment. For example, the
TRP may not know the direction 1n which the UE 1s located
and so may need to page omnidirectionally or almost
ommnidirectionally. That 1s, the TRP may need to sweep
through a significant portion of an entire revolution, sending
a page 1 every beam, until a page 1s sent to the UE for which
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the page 1s intended. Paging may be delayed in such a
scenar1o. Also, the UE may not know when the TRP will be
paging 1n the direction of the UE. Thus, the UE may need to
stay awake longer than would otherwise be necessary and
wait for a beam that carries 1ts paging to be transmitted in the
direction of the UE. The UE’s battery usage may be
adversely aflected 1n such a scenario.

FI1G. 3 1llustrates another problem that may arise when the
existing paging structure 1s used 1n a beam sweeping envi-
ronment. In this case, the UE may never receive a page. As
an example a TRP 310 sweeps one beam at a time, for one
paging {rame at a time. Every 16 frames (160 ms with LTE
numerology), the TRP 310 covers the entire footprint of the
TRP’s coverage areca. A UE 320 1s located 1n the direction of
beam B7. It may be assumed that the UE 320 has a paging
DRX cycle of 256 frames (2.56 Seconds) and that the UE
320 hashes to paging frame 105 and paging subirame 4. The
UE 320 1n beam B7 will see pages only when SFN=6 mod
16. Since frame 105 does not meet that criterion, the UE 320
will never be paged in beam B7. The UE 320 is paged in
beam B10 instead, but since the UE 320 1s not located in the
direction of beam B10, the UE 1s unreachable by page
messages. The problem 1n general 1s that the sweep time (16
frames) divides the DRX cycle length (256 frames) evenly,
so a given frame within the DRX cycle always occurs in the
same beam direction.

A possible solution to the latter problem may be to have
the DRX cycle and the sweep time be relatively prime. For
example, the DRX cycle may be set to 233 frames or some
other arbitrarily chosen prime number fairly close to 256.

FIG. 4 1llustrates paging 1n such a scenario. 233=9 mod
16, so the paging cycle “shifts” by 9 1n each sweep time. In
DRX cycle t, beam X carries pages 1n frames with SFIN=
(X-1)+9(t-1) mod 16. Thus, a determination may need to be
made of when beam B7 carries a page for a frame with
SEFN=105 mod 256. Since 105=9 mod 16, such an event
happens 1n cycle t such that 9=6+9(t-1) mod 16, or equiva-

lently 4=3 t mod 16. The general form 1s

(DRX cycle)=(X-1)+(DRX cycle)(#—1)mod M.

Thus, such an event first happens when t=12. In other
words, 1t takes 12*233=2796 frames or apprommately 28
seconds to page the UE 410. Such a long paging time 1s
unacceptable, so this strategy 1s not desirable.

Before paging, a TRP does not know the direction in
which a UE 1s located. The UE does know the beam pattern
from system information, including its timing relationship
based on the synchronization beams. So the UE may choose
to listen only when 1ts most favorable beam 1s active. AUE’s
most favorable beam may be defined as a beam received by
the UE with a measure of signal quality (e.g., recerved
energy, signal to noise ratio, reference signal received power
(RSRP), reference signal received quality (RSRQ), etc.)
higher than any other beam and in a direction closer to the
UE than any other beam. Any beam transmitted with an
energy and a direction that allow a UE to receive a page 1n
the beam may be considered an acceptable beam for that UE.
That 1s, an acceptable beam 1s a beam that exceeds a
threshold for signal quality (e.g., recerved energy, signal to
noise ratio, RSRP, RSRQ, etc.) received by a UE, but that
may or may not be the most favorable beam for the UE.

Both the network and the UE know the paging cycle and
other parameters that control when the UE will be paged.
However, the network does not necessarily know which
beam or beams a particular UE can or will monitor. Thus, it
may be desirable to define a paging scheme such that, in any
paging frame, a paging occasion 1s sent to the listening UEs,
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no matter which beam 1s directed toward the UEs. If such a
scheme were implemented, a UE would be able to listen to
any beam the UE could hear and receive the paging infor-
mation. However, 1n such a case, the network would need to
deliver all the paging information on all beams, since the
network does not know where the UEs are. Such a scheme

would thus entail the network transmitting large amounts of
redundant information. Furthermore, the time multiplexing
scheme 1n existing L'TE systems 1s not able to provide such
functions.

In an embodiment, the paging frame concept from LTE 1s
maintained, wherein the system timeline 1s divided nto
paging frames of consistent length and the frame length 1s
configurable by the network. Further, the UE hashes to a
paging frame by a method similar to that in LTE.

However, 1n an embodiment, instead of the use of paging,
subirames, a paging bitmap 1s provided to indicate a UE that
1s being paged. A variable that has an index 1 1n the paging
bitmap may be set to a value of “1” 1f a UE 1n paging group
1 1s currently being paged. The UE may hash to a paging
group by a method similar to that in LTE, e.g., based on
UE_ID mod (number of paging groups).

The embodiments ensure that, during one paging frame,
the paging bitmap 1s sent at least once in every beam,
throughout the sweep pattern. The paging frame may need to
be at least as long as the sweep time. The paging bitmap 1s
transmitted 1n a single paging TTI, so the different paging
groups are multiplexed i the frequency dimension, rather
than being multiplexed 1n time as 1s the case 1n LTE and
Universal Mobile Telecommunications System (UMTS).
The UE listens to enough paging TTIs 1n the paging frame
to recerve the bitmap reliably. It may be noted that not every
radio frame has to be a paging frame. Paging frames may be
intermittent mstead.

In an embodiment, construction of the paging bitmap may
be based on the number of paging groups. A paging group
may be defined, as in UMTS or LTE, as all the UEs that hash
to a particular set of radio resources for paging. In LTE, the
term ““set of radio resources” refers to a paging frame and a
paging occasion. With regard to the embodiments disclosed
herein, the term “‘set of radio resources” refers to a paging
frame and an index 1n a paging bitmap. There may be Ns
entries 1n the paging bitmap, where Ns, as in LTE, 1s the
number of paging groups within a paging frame. The range
of Ns for the disclosed paging bitmap may be different than
in LTE, where the range 1s limited to 4 because certain
subirames have to be reserved as available for paging. For
example, subirames 0/4/5/9 cannot be configured as multi-
cast-broadcast single-frequency network (MBSFN) sub-
frames or almost blank subframes (ABSF) in LTE. The
embodiments have no such restrictions, and the paging
bitmap may be dimensioned very large.

The UE’s index 1n the paging bitmap may be computed as
UE_ID mod (Ns) or a similar simple hash function. Like the
hash tunctions used for paging in LTE, this function does not
need to be a secure “trapdoor” function. The objective 1s to
spread out the load across paging groups, not to conceal the
UE’s 1dentity. Any function with a statistically flat distribu-
tion will suilice.

In the scheduling of paging bitmap transmissions, several
assumptions may be made that are similar to those made 1n
the above examples of beam sweeping. That 1s, 1t may be
assumed that the TRP has a pattern covering N beam
directions and that the TRP transmits k beams at a time with
a dwell time D 1n each direction, where N 1s a multiple of
k, D 1s a multiple of the paging TTI p, and sweep time=DN/
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k. Further, the length F of the paging frame may be config-
ured by the network, and Fzsweep time may be assumed.

In an embodiment, during cach sweep cycle, the network
conﬁgures at least one pagmg TTI 1n every beam, and the
pagmg bitmap 1s sent 1 each paging TTI. Thus, the UE
receives the paging bitmap, regardless of which beam the
UE listens to. Corresponding page messages may be sent on
cach beam as well and may be sent 1n the same paging TT1
as the paging bitmap or 1n a diflerent paging T11. The UE
has previously hashed 1ts ID to determine a position 1n the
paging bitmap that the UE will examine for the value of an
indicator. When the indicator 1s set to a particular value, the
UE becomes aware that a page message associated with the
paging group to which the UE belongs is transmitted in the
current paging cycle. In such a case, the UE receives and
decodes the page message to determine whether the UE 1s
being paged. As 1in LTE, false alarms are possible, but the
page message content may disambiguate which UE 1n the
paging group 1s being paged. More paging groups may
reduce the false alarm incidence.

FI1G. 5 1llustrates an embodiment use of a paging bitmap
in a beamforming and beam sweeping scenario. For the sake
of clarity 1n the drawing, only four beams are shown, but 16
beams may be present as in the previous examples or some
other number of beams may be present. A paging bitmap 510
has 8 entries with indices 0-7 and corresponding values
00000100. That 1s, there 1s a value of “1” 1n position 5 1n the
paging bitmap 510 and a value of “0” 1n all other positions
in the paging bitmap 510. A sweep cycle 520 traverses the
four beams, B1-B4, one at a time, as indicated by the
shading. A paging T'T1 1s configured 1n each beam. UE A 1s
located 1n the direction of beam B1, and UE B 1s located 1n
the direction of beam B3. In this example, it may be assumed
that UE A has hashed its ID and thereby determined that 1t
will examine position 5 1n the paging bitmap 510 and that
UE B has hashed 1ts ID and thereby determined that 1t will
examine position 2 in the paging bltmap 510. In paging TTI
1, B1 sends the paging bltmap 510 1n the direction of UE A.
UE A looks at position 3 in the received paging bitmap 510
and sees a value of “1” at position 5 1n the received paging
bitmap 510. UE A thereby determines that the paging group
to which UE A belongs 1s being paged and receives the page
message. In paging TTI 3, B3 sends the paging bitmap 510
in the direction of UE B. UE B looks at position 2, sees a
value of “0” 1n that position, determines that UE B is not
being paged, and takes no action.

It may be noted that 1f UE B 1s close enough to B2, UE
B may be able to receive the paging bitmap 510 mn B2
instead of mm B3. That 1s, B3 may be the most favorable
beam, but B2 may be an acceptable beam. The link budget
may be worse for B2, but B2 arrives at UE B earlier than B3
and may thus allow a quicker response from UE B.

A UE may need to take several steps before being able to
monitor the paging channel. The UE may need to receive a
paging configuration from the network, for example in
system information. The UE may also need to compute hash
functions for its paging frame, and in an embodiment,
compute its applicable position in the paging bitmap, based
on 1ts own ID. The UE may further need to register/attach,
so the core network knows the area 1n which the UE can be
paged.

When a UE camps 1n the service area of a TRP that 1s
using beamforming, the UE may identily (e.g., during the
synchronization process) the most favorable downlink
beam. The UE may further determine the beam pattern (e.g.,
from system information), so the UE knows at which times
the most favorable downlink beam (or an acceptable down-
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link beam) will be active. In an embodiment, the UE may
also determine the configuration of paging TTIs within the
active period for the most favorable downlink beam (or an
acceptable downlink beam). In addition, the UE may apply
the paging DRX cycle. That 1s, the UE may stay in a DRX
ofl-period until the UE’s paging frame.

It may be noted that, because of the assumption that the
paging frame duration 1s at least as long as the sweep pattern,
it may be known that the UE’s paging frame will include at
least one active period for the UE’s most favorable downlink
beam.

During the UE’s paging frame, the UE may remain 1n a
DRX off-period until the most favorable downlink beam 1s
transmitted. I an acceptable downlink beam 1s scheduled
carlier than the most favorable beam, the UE may try to

receive from the acceptable beam first.
While the most favorable downlink beam for a UE 1s

active, the UE receives one or more paging 1TTIs since, in an
embodiment, the TRP sends at least one paging T'11 1n every
beam. In an embodiment, the number of TTIs transmitted 1s
part of the paging configuration, while the number of TTIs
the UE 1s specified to recetve may be variable. For example,
a UE 1 poor radio conditions may accumulate multiple
paging TTIs to improve the signal-to-interference-plus-
noise ratio (SINR).

FIG. 6 illustrates an embodiment timeline 600 of UE
reception in a beamforming and beam sweeping scenario,
using the four beam example of FIG. 5. In this example, 1
paging frame=1 sweep cycle and there are two paging TT1s
per beam dwell time. A UE 610 has hashed 1ts ID and
determined that paging frame Y 620 1s 1ts paging {frame and
that beam 3 630 1s its beam 1n a paging frame. The UE 610
has further determined that an entry of “1” 1n position 7 of
a paging bitmap 640 indicates that the UE 610 1s 1n a group
being paged. The UE 610 knows that paging frame Y-1650
1s not 1ts pagmg frame and so remains 1n a DRX off-period
throughout paging frame Y-1650. The UE 610 also knows
that beam 1660 and beam 2 670 are not 1ts beams and so
remains 1n a DRX off-period 1n paging frame Y 620 until
beam 3 630 1s transmitted. When beam 3 630 1s transmitted,
the UE 610 wakes up and receives the paging bitmap 640.
The UE 610 determines that an entry of “1” 1s present 1n
position 7 of the received paging bitmap 640 and thus
determines that the UE 610 1s 1n a group being paged. The
UE 610 may then receive a page message.

FIG. 7 illustrates an embodiment timeline 700 of TRP
transmissions 1n a beamforming and beam sweeping sce-
nario, with the same paging frame and paging TT1 assump-
tions as 1n FIG. 6. ATRP 710 generates pages for three UEs
(not shown). The TRP 710 transmits a {irst paging bitmap
720 1n all beams 1n paging frame Y-1730. The first paging
bitmap 720 has 1ts mndex 4 set to “1” to indicate that a UE
that has hashed to paging frame Y-1 730 and that examines
the value of index 4 will receive a page 1n pagmg frame
Y-1730. The TRP 710 also transmits a second paging, bltmap
740 1 all beams 1n paging frame Y 750. The second paging
bitmap 740 has its index 3 and its mndex 7 set to “1” to
indicate that UEs that have hashed to paging frame Y 750
and that examine the value of index 3 or index 7 will receive
a page 1n paging frame Y 750. A first UE hashes to paging
frame Y-1730 and paging bitmap index 4 and receives a page
in paging irame Y-1730. A second UE hashes to paging
frame Y 750 and paging bitmap index 3 and receives a page
in paging frame Y 750. A thurd UE, equivalent to the UE 610
of FIG. 6, hashes to paging frame Y 750 and paging bitmap
index 7 and also receives a page in paging frame Y 750.
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FIG. 8 illustrates an embodiment procedure that combines
FI1G. 6 and FIG. 7. That 1s, the UE side of FIG. 6 and the

network side of FIG. 7 are both shown, with the UE 610 of
FIG. 6 as well as the other two UEs that were mentioned

B

with regard to FIG. 7 but not shown all appearing. A first UE
810 1s equivalent to UE 610 of FIG. 6 and behaves as
described with regard to that figure. A second UE 820 hashes
to paging frame Y 840, best beam 2 850, and paging bitmap
position 3. Thus, when UE 820 receives paging bitmap 860
in beam 2 850 of paging frame Y 840, UE 820 seces that
position 3 in paging bitmap 860 1s set to “1” and knows that
UE 820 1s 1n a group being paged. A third UE 830 hashes to

paging frame Y-1870, best beam 2 880, and paging bitmap
position 4. Thus, when UE 830 receives paging bitmap 890
in beam 2 880 of paging frame Y-1870, UE 830 sees that

position 4 1in paging bitmap 890 1s set to “1” and knows that
UE 830 1s 1n a group being paged.

In an embodiment, a third level of hashing 1s implemented

to indicate a paging TTI. In such an embodiment, when the
network assigns more than one paging TTI per beam (e.g.,
two paging TTIs per beam as 1n FIGS. 6-8), the UEs may
compute a hash function and thereby determine to monitor
only one of the T'TIs. The network computes the same hash
function, so the network and each UE have a paging frame,
a bitmap position, and 1n this embodiment, a paging TTI
index. This embodiment reduces the receiver duty cycle to
one paging TTI per paging DRX cycle. This embodiment
also spreads out the paging load, meaning there are fewer
UEs 1n each paging group and fewer false alarms. However,
the ability for UEs to combine energy from different paging
TTIs may be lost. For coverage extension type scenarios,
such as enhanced Machine Type Communications (eMTC)/
Narrowband Internet of Things (NB-IoT), it may be prefer-
able to have the combining gain across multiple TTIs. For
UEs 1n normal coverage, the benefits of spreading the paging,
load may be more important. In an embodiment, the use of
this third level of hashing may be configurable. For example,
the network may set the hashing behavior differently for a
massive Internet of Things (mloT) scenario than for an
enhanced Mobile BroadBand (eMBB) scenario.
In the case of radio access network (RAN) slicing, where
different portions of a RAN are used for different types of
communication, implementation of this third level of hash-
ing may entail the use of diflerent paging configurations per
slice. If one RAN serves multiple use cases, a decision may
need to be made regarding which setting 1s more appropri-
ate. Alternatively, separate paging channels may be used on
the basis of the service and/or UE type.

From the perspective of a network, the embodiments
disclosed herein provide a method of paging notification 1n
a beamformed system. The method comprises hashing a UE
identity to a paging group (1.€., a paging frame and a paging
bitmap position); constructing for each paging frame a
bitmap i1dentifying which paging groups are paged in that
frame; performing a beam sweeping operation such that all
beams are transmitted at least once during a paging frame;
and, 1n each beam, transmitting the bitmap on one or more
paging TTIs.

From the perspective of a UE, the embodiments disclosed
herein provide a method of paging monitoring 1n a beam-
formed system. The method comprises hashing the UE’s
identity to a paging group; identiiying a preferred downlink
beam (the preferred downlink beam 1s likely to be the UE’s
best downlink beam but may be any beam received with
better than a minimum acceptability threshold); monitoring,
one or more paging TTIs within the preferred beam, during
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the UE’s paging frame, to receive the bitmap; and deter-
mlmng, based on the UE’s entry in the bitmap, whether the
UE 1s being paged.

In either of the above perspectives, an optional third level
of hashing provides for identilying a paging TTI within a
plurality of paging T'TIs based on hashing the UE’s 1dentity
to a paging T'T1 index.

FIG. 9 1s a flowchart of an embodiment method 900 for
paging nofification. At block 910, an identity of a UE 1s
hashed to determine a paging frame in which a page 1s to be
sent to the UE and to determine an index of an entry 1n a
bitmap. At block 920, the entry at the index in the bitmap 1s
set to a value indicating whether a page message associated
with a paging group to which the UE belongs 1s transmitted
in a current paging cycle. At block 930, the bitmap 1is
transmitted 1n each of a plurality of beamformed beams. The
beams are transmitted 1n a sweeping pattern such that at least
one beam 1s transmitted 1n every portion of a coverage area
of a component transmitting the beams and such that each of
the beams 1s transmitted at least once during the paging
frame.

FIG. 10 1s a flowchart of an embodiment method woo for
paging monitoring. At block low, an identity of a UE 1s
hashed to determine a paging frame in which a page 1s to be
sent to the UE and to determine a position of an indicator 1n
a bitmap to be sent to the UE. A value of the indicator
indicates whether a page message associated with a paging
group to which the UE belongs 1s transmitted 1n a current
paging cycle. At block 1020, a beamiormed beam within the
paging irame i1n which the UE 1s capable of receiving a
downlink transmission 1s 1dentified. At block 1030, the beam
1s monitored during the paging frame to receive the bitmap.
At block 1040, when the value of the indicator indicates that
the page message 1s transmitted 1n the current paging cycle,
the page message 1s received and decoded to determine
whether the UE 1s being paged.

FIG. 11 illustrates a block diagram of an embodiment
processing system 1100 for performing methods described
herein, which may be installed in a host device. As shown,
the processing system 1100 includes a processor 1104, a
memory 1106, and interfaces 1110-1114, which may (or may
not) be arranged as shown 1n the figure. The processor 1104
may be any component or collection of components adapted
to perform computations and/or other processing related
tasks, and the memory 1106 may be any component or
collection of components adapted to store programming
and/or mstructions for execution by the processor 1104. In
an embodiment, the memory 1106 includes a non-transitory
computer readable medium. The interfaces 1110, 1112, 1114
may be any component or collection of components that
allow the processing system 1100 to communicate with
other devices/components and/or a user. For example, one or
more of the mterfaces 1110, 1112, 1114 may be adapted to
communicate data, control, or management messages from
the processor 1104 to applications installed on the host
device and/or a remote device. As another example, one or
more of the interfaces 1110, 1112, 1114 may be adapted to
allow a user or user device (e.g., personal computer (PC),
ctc.) to interact/communicate with the processing system
1100. The processing system 1100 may include additional
components not depicted 1n the figure, such as long term
storage (e.g., non-volatile memory, etc.).

In some embodiments, the processing system 1100 1s
included 1n a network device that 1s accessing, or part
otherwise of, a telecommunications network. In one
example, the processing system 1100 1s 1n a network-side
device 1 a wireless or wireline telecommunications net-
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work, such as a base station, a relay station, a scheduler, a
controller, a gateway, a router, an applications server, or any
other device 1n the telecommunications network. In other
embodiments, the processing system 1100 1s 1n a user-side
device accessing a wireless or wireline telecommunications
network, such as a mobile station, a user equipment (UE), a
personal computer (PC), a tablet, a wearable communica-
tions device (e.g., a smartwatch, etc.), or any other device
adapted to access a telecommunications network.

In some embodiments, one or more of the interfaces 1110,
1112, 1114 connects the processing system 1100 to a trans-
ceiver adapted to transmit and receive signaling over the
telecommunications network. FIG. 12 illustrates a block
diagram of a transceiver 1200 adapted to transmit and
receive signaling over a telecommunications network. The
transceiver 1200 may be installed 1 a host device. As
shown, the transceiver 1200 comprises a network-side inter-
tace 1202, a coupler 1204, a transmitter 1206, a receiver
1208, a signal processor 1210, and a device-side interface
1212. The network-side interface 1202 may include any
component or collection of components adapted to transmut
or recerve signaling over a wireless or wireline telecommu-
nications network. The coupler 1204 may include any com-

ponent or collection of components adapted to facilitate
bi-directional communication over the network-side inter-
tace 1202. The transmitter 1206 may include any component
or collection of components (e.g., up-converter, power
amplifier, etc.) adapted to convert a baseband signal into a
modulated carrier signal suitable for transmission over the
network-side mterface 1202. The receiver 1208 may include
any component or collection of components (e.g., down-
converter, low noise amplifier, etc.) adapted to convert a
carrier signal received over the network-side interface 1202
into a baseband signal. The signal processor 1210 may
include any component or collection of components adapted
to convert a baseband signal into a data signal suitable for
communication over the device-side interface(s) 1212, or
vice-versa. The device-side mterface(s) 1212 may include
any component or collection of components adapted to
communicate data-signals between the signal processor
1210 and components within the host device (e.g., the
processing system 1100, local area network (LAN) ports,
etc.).

The transcerver 1200 may transmit and receive signaling
over any type of communications medium. In some embodi-
ments, the transceiver 1200 transmits and receives signaling,
over a wireless medium. For example, the transceiver 1200
may be a wireless transceiver adapted to communicate in
accordance with a wireless telecommunications protocol,
such as a cellular protocol (e.g., long-term evolution (LTE),
etc.), a wireless local area network (WLAN) protocol (e.g.,
Wi-Fi, etc.), or any other type of wireless protocol (e.g.,
Bluetooth, near field communication (NFC), etc.). In such
embodiments, the network-side interface 1202 comprises
one or more antenna/radiating elements. For example, the
network-side interface 1202 may include a single antenna,
multiple separate antennas, or a multi-antenna array config-
ured for multi-layer communication, e.g., single mput mul-
tiple output (SIMO), multiple 1nput single output (MISO),
multiple mput multiple output (MIMO), etc. In other
embodiments, the transceiver 1200 transmits and receives
signaling over a wireline medium, e.g., twisted-pair cable,
coaxial cable, optical fiber, etc. Specific processing systems
and/or transceivers may utilize all of the components shown,
or only a subset of the components, and levels of integration
may vary from device to device.
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It should be appreciated that one or more steps of the
embodiment methods provided herein may be performed by
corresponding units or modules. For example, a signal may
be transmitted by a transmitting unit or a transmitting
module. A signal may be received by a receiving unit or a
receiving module. A signal may be processed by a process-
ing unit or a processing module. Other steps may be per-
formed by a hashing unit/module, a setting unit/module, an
identifying unit/module, a monitoring unit/module, and/or a
decoding unit/module. The respective units/modules may be
hardware, software, or a combination thereof. For instance,
one or more of the units/modules may be an integrated
circuit, such as field programmable gate arrays (FPGAs) or
application-specific itegrated circuits (ASICs).

While this invention has been described with reference to
illustrative embodiments, this description 1s not intended to
be construed 1n a limiting sense. Various modifications and
combinations of the illustrative embodiments, as well as
other embodiments of the invention, will be apparent to
persons skilled 1n the art upon reference to the description.

It 1s therefore intended that the appended claims encompass
any such modifications or embodiments.

What 1s claimed 1s:

1. A method for paging monitoring implemented by a user
equipment (UE), the method comprising:

hashing an identity of the UE to determine a paging frame

in which a page 1s to be sent to the UE and to determine
a position of an indicator 1n a bitmap to be sent to the
UE, wherein a value of the indicator indicates whether
a page message associated with a paging group to
which the UE belongs 1s transmitted in a current paging
cycle;

selecting a first downlink beamformed beam from a

plurality of beams within the determined paging frame,
wherein the plurality of beams are beams of a sweeping
pattern of a transmit/receive point, wherein each beam
of the plurality of beams includes the bitmap, and
wherein each beam of the beams 1s transmitted at least
once during the paging frame;

receiving the bitmap from the first downlink beamformed

beam;

determiming that the value of the indicator indicates that

the page message 1s transmitted 1n the current paging
cycle; and

based on the determining, receiving and decoding the

page message to determine whether the UE 1s being
paged.

2. The method of claim 1, wherein a number of entries in
the bitmap 1s equal to a number of paging groups in the
paging frame.

3. The method of claim 1, wheremn a number of paging
transmission time intervals (1TIs) the UE 1s specified to
receive 1s variable.

4. The method of claim 1, wherein at least one paging T'T1
1s transmitted in each of the plurality of beams, and wherein
the bitmap 1s transmitted in each paging TTI.

5. The method of claim 4, wherein exactly one paging T'T1
1s transmitted 1n each of the plurality of beams.

6. The method of claim 4, wherein a number of paging
TTIs transmitted 1s part of a paging configuration.

7. The method of claim 1, wherein the UE listens to
enough paging T'TIs to reliably receive the bitmap.

8. The method of claim 1, wherein hashing further com-
prises determiming a paging TT1 within a plurality of paging
TTIs 1n which the bitmap 1s to be received.
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9. The method of claim 1, further comprising determining,
by the UE, a configuration of paging TTIs for the first
downlink beamformed beam.

10. A user equipment (UE) comprising;:

a processor; and

a non-transitory computer readable storage medium stor-

ing programming for execution by the processor, the

programming including instructions to:

hash an 1dentity of the UE to determine a paging frame
in which a page i1s to be sent to the UE and to
determine a position of an indicator 1n a bitmap to be
sent to the UE, wherein a value of the indicator
indicates whether a page message associated with a
paging group to which the UE belongs 1s transmitted
in a current paging cycle;

select a first downlink beamformed beam from a plu-
rality of beams within the determined paging frame,
wherein the plurality of beams are beams of a
sweeping pattern of a transmit/receive point, wherein
cach beam of the plurality of beams includes the
bitmap, and wherein each beam of the beams 1s
transmitted at least once during the paging frame;

receive the bitmap from the first downlink beamformed
beam; and

determine that the value of the indicator indicates that
the page message 1s transmitted in the current paging
cycle and, based thereon, receive and decode the
page message to determine whether the UE 1s being
paged.

11. The UE of claim 10, wherein a number of entries in
the bitmap 1s equal to a number of paging groups in the
paging frame.

12. The UE of claim 10, wherein a number of paging
transmission time intervals (1TIs) the UE 1s specified to
receive 1s variable.

13. The UE of claim 10, wherein at least one paging TTI
1s transmitted 1n each of the plurality of beams, and wherein
the bitmap 1s transmitted in each paging TTI.

14. The UE of claim 13, wherein exactly one paging TTI
1s transmitted 1n each of the plurality of beams.

15. The UE of claim 13, wherein a number of paging TT1s
transmitted 1s part of a paging configuration.
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16. The UE of claim 10, wherein the programming further
includes instructions for the UE to listen to enough paging
TTIs to reliably recerve the bitmap.

17. The UE of claim 10, wherein the programming further
includes instructions to hash the identity of the UE to
determine a paging TTI within a plurality of paging TTIs 1n
which the bitmap 1s to be received.

18. The UE of claim 10, wherein the programming further
includes an instruction to determine a configuration of
paging TTIs for the first downlink beamformed beam.

19. A communication device 1in a user equipment (UE)
comprising;

a processor; and

an interface circuit configured to recerve codes and trans-

fer the codes to the processor, wherein the processor 1s
configured to process the codes by:

hashing an 1dentity of the UE to determine a paging frame

in which a page 1s to be sent to the UE and to determine
a position of an indicator 1n a bitmap to be sent to the
UE, wherein a value of the indicator indicates whether
a page message associated with a paging group to
which the UE belongs is transmitted in a current paging
cycle;

selecting a first downlink beamformed beam from a

plurality of beams within the determined paging frame,
wherein the plurality of beams are beams of a sweeping
pattern of a transmit/receive point, wherein each beam
of the plurality of beams includes the bitmap, and
wherein each beam of the beams i1s transmitted at least
once during the paging frame;

recerving the bitmap from the first downlink beamformed

beam;

determining that the value of the indicator indicates that

the page message 1s transmitted 1n the current paging
cycle; and

based on the determining, receiving and decoding the

page message to determine whether the UE 1s being
paged.

20. The communication device of claim 19, wherein a
number of entries in the bitmap 1s equal to a number of
paging groups 1n the paging frame.
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